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In September of 1957, when this study was initiated, numerous questions
had arisen concerning the epidemiological and serological characteristics
of the new Type A Asian influenza virus and the vaccine developed to
combat it. It was decided, therefore, to undertake a study to investigate:
(i) the attack rate in a vaccinated as compared to that in an unvaccinated
group living in the same community; (ii) the characteristics of the epi-
demic in a third group, a relatively isolated, unvaccinated population; (iii)
the incidence of subclinical infections in the two unvaccinated groups; and
(iv) the serological response of individuals to vaccination and to infection
as determined by the hemagglutination-inhibition (HI) test and the comple-
ment-fixation (CF) test.
To study these questions three groups of about 50 subjects each were
chosen and followed for a three-month period which included the entire
duration of the autumn epidemic. The first study population was composed
of individuals given two injections of commercially prepared, monovalent
vaccine before the epidemic, the second was an unvaccinated group chosen
from the same community, and the third was composed of unvaccinated,
institutionalized individuals.
Paired blood samples were obtained from all participants. In the vac-
cinated group an initial sample was taken before the epidemic and another
after the second injection of vaccine. Similarly, in the two unvaccinated
groups a sample was drawn at the beginning of the study and another
was taken at the end of the study from those who remained symptom-free.
A sample was drawn after the acute phase of illness from all persons re-
porting symptoms of influenza.
* All authors were second-year medical students during 1957-1958.
Received for publication April 22, 1958.
14Asian influenza in 1957 pandemic BUEBENDORF, CARSON, COOPER,
MOYNIHAN, YANKEE
THE STUDY POPULATIONS
A total of 150 people were included in the final analysis. The vaccinated
group and one of the unvaccinated groups were comparable as to age,
sex, occupation, residence, and other environmental factors. For the pur-
poses of this study a clinical diagnosis of influenza was based upon symp-
toms of fever, headache, muscle and joint pains, and general malaise.
Yale Medical Center (YMC)-Vaccinated. This group consisted of 50
volunteers, 42 from the medical center and 8 undergraduate students from
the college. Their ages ranged from 18 to 36 and the group included
5 females. Fifty-nine individuals were interviewed originally and bled.
In the final analysis the number was reduced to 50 in the following man-
ner: three students contracted an influenza-like illness within a week after
receiving the first injection of vaccine and were excluded from the final
tabulation, another was excluded because of insufficient quantity of the
initial serum, another on the basis of hemolyzed serum, and the remaining
four, by random selection. A second blood sample was drawn 7 to 10
days after the second injection of vaccine. From those who subsequently
manifested influenza-like symptoms a third sample was drawn about two
weeks following their onset. This group was self-reporting with respect
to illness, although this method was supplemented by frequent personal
contacts and telephone calls.
Yale Medical Center (YMC)-Unvaccinated. This group was com-
posed of volunteers chosen from the same population as the vaccinated
population. Their ages ranged from 17 to 59 and the group included 8
females. A blood sample was obtained from each person at the beginning
of the study, a second approximately two weeks after the onset of symp-
toms, provided they became ill, and a second sample from those who re-
mained well at the termination of the study in December. This group was
also self-reporting.
Southbury-Unvaccinated. This group was chosen from patients at the
Southbury Training School, an institution maintained by the State of
Connecticut for the mentally retarded. Approximately 1,600 patients are
segregated in cottages containing about 15 to 40 patients apiece, each cot-
tage population representing a closely knit group with little outside con-
tact except with persons in other cottages. None of the patients in the school
was vaccinated. At the beginning of our study there, which was some-
what after the study commenced at the Medical Center (October 22 and
September 25, respectively) the epidemic had begun in all of the cottages.
In the three cottages which were chosen for study there were as yet very
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few cases. The ages of the patients ranged from 15 to 62 and the group
included no females. A total of 54 patients was studied and none of those
chosen had as yet shown any symptoms of influenza. This number was
subsequently reduced to 50 by random selection. Blood samples were
collected initially from all 54 patients, and a second sample was taken
either two to three weeks after the onset of symptoms from those who
became ill, or at the close of the study from those who remained well. Due
to the close supervision of the patients at Southbury, accurate records were
available concerning the clinical attack rate as well as the temperatures
of all those who showed symptoms.
MATERIALS AND TECHNIQUES
The vaccine. A commercially prepared monovalent, Asian strain vaccine, obtained
from extra-embryonic fluids of infected chick embryos and inactivated with formalin,
was used. It was said to contain 200 CCA units per ml. The vaccine was given intra-
dermally in two 0.1 ml. injections separated by approximately two weeks.
Sera. After venipuncture all blood samples were permitted to clot at room tempera-
ture and then were centrifuged twice at 2,000 to 2,700 rpm. The sera were separated
and frozen at -28° C. until the analyses. All sera were heated at 560 C. for 30 minutes.
None of the sera was anticomplementary.
Previous investigators have stated that the A/Japan 305/57 strain of Asian virus,
used in our analyses, was relatively insusceptible to nonspecific inhibitors,"'5 while
others have used potassium periodate"2 or cholera filtrate' to inactivate such inhibitors.
No such substances were employed in the present study, since preliminary assays on
several of the heated sera showed no evidence of nonspecific inhibition. However, two
paired sera spontaneously agglutinated chicken erythrocytes in the absence of virus.
These sera were treated twice at 0° C. with chicken red cells and subsequently showed
no spontaneous agglutination.
Serum dilutions were prepared from 1/5 to 1/320. One ml. of heated serum was added
to 4 ml. of veronal buffer, and twofold dilutions were made by serial transfer of 2.5 ml.
volumes, using a clean 5 ml. pipette for each transfer.
The virus. The A/Japan/305/57 strain of influenza in fifth egg passage was used
throughout.
The optimal concentration for complement-fixation tests was determined as shown in
Table 1. Reaction mixtures were prepared containing 0.2 ml. of serum dilution (Asian
convalescent serum), 0.5 ml. of guinea pig serum containing 5 C'Hso units of comple-
ment, and 0.5 ml. of each dilution of virus in veronal buffer. The amount of complement
fixed at each dilution of virus was measured as described below under Complement
Fixation test. As may be seen, maximal fixation at the highest dilution of serum
occurred in the mixtures containing a 1/80 dilution of virus. Therefore, 0.5 ml. of a
1/80 dilution subsequently was used in all CF analyses.
Similarly, the optimal dilution of virus for hemagglutination-inhibition was deter-
mined in mixtures containing 0.25 ml. of each serum dilution (Asian convalescent
serum), 0.5 ml. of dilutions of virus in saline, and 0.3 ml. of a 0.5 per cent suspension of
chicken erythrocytes. By this technique, the virus titrated 1/240 taking 2+ hemag-
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glutination (50 per cent) as the endpoint. In subsequent tests, 0.5 ml. of a 1/80 dilution
of virus, i.e., three 2+ doses, was used in each reaction mixture.
Complement (C'). Commercially prepared complement from Carworth Farms con-
sisting of fresh frozen pooled guinea pig serum was used. The C' was titrated before-
hand and found to contain greater than 200 C'H5o units per ml. It was diluted for our
analyses so that 0.5 ml. contained 5 C'H50 units.
Sheep erythrocytes for complement-fixation. The sheep red blood cells, appropriately
washed and suspended in veronal buffer containing bovine serum albumin (SAVB),
TABLE 1. DETERMINATION OF OPTIMAL CONCENTRATION OF VIRUS FOR
COMPLEMENT FIXATION WITH SERUM FROM A PATIENT
WITH ASIAN INFLUENZA
Dilution of serum
Dilution Buffer
of virus 1/5 1/10 1/20 1/40 1/80 1/160 1/320 1/640 only
1/5 0 0 0 0 tr 2 4 4 4
1/10 0 0 0 0 1 3 4 4 4
1/20 0 0 0 0 0 4 4 4 4
1/40 0 0 0 0 0 3 4 4 4
1/80 tr 0 0 0 0 0 4 4 4
1/160 4 2 1 0 0 1 4 4 4
1/320 4 4 4 3 3 4 4 4 4
1/640 4 4 4 4 4 4 4 4 4
Buffer
only 4 4 4 4 4 4 4 4 4
Results of residual C' reactivity upon addition of sensitized sheep erythrocytes are
expressed as 4 for complete lysis indicating an excess of C' remaining, 0 for no lysis
indicating complete fixation of C' during the test, and 3, 2, or 1 for intermediate
degrees of lysis.
were standardized on the Beckman spectrophotometer to an optical density of 0.680.
A complete description of the technique for sensitization may be found in Osler,
Strauss, and Mayer.6 In brief, the standardized erythrocytes were sensitized with an
equal volume of amboceptor (serum of rabbits immunized with boiled sheep red cell
stromata) calculated to give about 1,000 antibody molecules per red cell. The resulting
suspension was incubated at room temperature for 30 minutes and then refrigerated
until use.
The CF tests. To each of the seven CF tubes 0.2 ml. of each dilution of serum was
added (serum dilutions 1/10 to 1/320 and a control without virus at the lowest dilution
as a test for anti-complementary action of each serum). The tubes were cooled before the
addition of 0.5 ml. of complement (5 C'H. units) to each tube; 0.5 ml. of virus was
then added to the tubes (except the first) and they were placed in a bath at 00 C. over-
night, followed by a 20-minute incubation at 370 C., to allow fixation to take place.
Then, 0.3 ml. of sensitized sheep red cells was added to each tube as an indicator for
residual C' and incubated for 60 minutes at 370 C. with constant mixing. The tubes
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were then centrifuged and read, the degree of lysis determined visually, taking 2+ lysis
as the endpoint for expression of titer.
Chicken erythrocytes for hemagglutination-inhibition. A suspension of chicken red
blood cells was prepared by washing the cells three times with isotonic saline, followed
by suspending them in saline to make a 0.5 per cent suspension. No red cells older than
three days were used.
The HI Tests. To each of the six HI tubes, 0.25 ml. of each serum dilution was
added (serum dilutions 1/5 to 1/80 and a control without virus at the lowest dilution
as a test for spontaneous hemagglutination). Then 0.5 ml. of a 1/80 dilution of virus
was added to the tubes, and they were allowed to stand for 20 minutes at room
temperature before the addition of 0.3 ml. of chicken erythrocytes. After 30 to 40
minutes the patterns of the settled erythrocytes were read, taking 2+ hemagglutination
as the endpoint. The reciprocal of the serum dilution producing this reactivity was
recorded as the titer. With sera showing no hemagglutination at the 1/5 dilution, a titer
of 2.5 was assumed as the maximum for comparison with the titer of the paired serum.
Significance of the tests. A threefold increase in titer was taken as significant in both
the CF and HI tests. We believe this value to be significant because of the care exer-
cised in preparation of reagents and in performing the analyses. As may be seen in
Table 1, these techniques were sensitive enough to detect a twofold difference in anti-
body concentration. This is apparent in that the degree of lysis was altered markedly by
a twofold dilution of serum especially in mixtures containing the 1/80 dilution of virus.
As would be expected because of the sigmoidal response curve in immune hemolysis, the
differences were most obvious when 2+ lysis (50 per cent) was used as the endpoint.
The sera showing a fourfold rise, however, are included for purposes of comparison.
The number of people showing a threefold and fourfold rise in general was of the
same magnitude in both unvaccinated groups, as may be seen from Tables 2, 3, and 4. In
the vaccinated group, where the titer rise in response to the vaccine was in general very
low, there is a difference in the numbers of people showing a three- and fourfold rise.
RESULTS
Before an analysis of the paired sera was undertaken, it became obvious
that the three groups under study differed greatly in regard to the number
of influenza-like attacks reported on a solely clinical basis. As shown in
Table 2, the vaccinated group at the Yale Medical Center (YMC) reported
an attack rate of only three out of 50, while the Yale unvaccinated group
reported 20 out of 50 and the Southbury unvaccinated group, 33 out of 50.
The distribution of clinical symptoms on a time basis showed that all
three groups were affected within a relatively short period. The YMC
vaccinated group had two of its three attacks during the week of October
20-26. The height of the attack in the YMC unvaccinated group came one
week earlier, October 13-19, when 11 out of the 20 were ill. At South-
bury, all 33 of the clinical cases were reported during the week of Octo-
ber 20-26. In terms of the total time involved, all clinically reported cases
of influenza fell between September 25 and November 4, 1957.
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For the two YMC groups, no precise information is available concern-
ing the duration of illness or the temperatures. However, with the South-
bury unvaccinated group it was possible to study both of these variables.
The temperatures ranged from a low of normal to a high of 1040 F. The
spread was an even one between these two extremes. The duration of
TABLE 2. THE CLINICAL ATTACKS AND SEROLOGICAL RESPONSES IN
EACH OF THE THREE STUDY GROUPS
Y.M.C.* Y.M.C. Southbury
Vaccinated Unvaccinated Unvaccinated
Influenza-like attack
on clinical basis 3/50 20/50 33/50
Influenza-like attack
with antibody rise
by either HI or CF
threefold rise 1/3** 16/20 28/33
fourfold rise 1/3 12/20 25/33
Antibody rise by
either CF or HI
without influenza-
like attack
threefold rise 26/47 9/30 11/17
fourfold rise 15/47 8/30 9/17
* In addition to this group of 50 are three who were excluded from the study. These
three did not receive a second injection of vaccine because of presumed influenza attacks
shortly after receiving the first injection.
** This figure represents the third serum sample taken on the three persons who
reported influenza symptoms. A second sample taken after vaccination is not included
here, although it showed two of the three to have had an antibody rise.
illness ranged from 1 to 11 days, with most patients reporting symptoms
subsiding after about four days.
Paired sera from each patient were analyzed by both the CF and HI
tests. Attention is called to the serological confirmation, i.e., a rise in
titer by either CF or HI test, of the clinically reported attack rate men-
tioned above. In the YMC unvaccinated group, 16 of the 20 illnesses were
confirmed serologically, and similarly at Southbury 28 out of the 33 were
verified. Of the five Southbury patients in whom no increase in antibody
was detected, three originally were regarded as questionable influenza with
temperatures all below 99.40 F., a fourth had a temperature of 1000 F.,
while the fifth recorded 1020 F. The sera taken after the clinical illness
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on the three YMC vaccinated patients confirmed only one of the clinical
attacks as influenza. Of the remaining two patients, one was later diag-
nosed serologically as infectious mononucleosis, but no specific diagnosis
could be established for the third.
An antibody rise as demonstrated by either CF or HI occurred in some
patients not reporting any clinical illness and is shown in Table 2. This
was the predominant response in the YMC vaccinated group (26 out of
47), while the YMC and Southbury unvaccinated groups showed rises
in 9 of 30 and 11 of 17 respectively. The results with both serological
tests are shown for all persons reporting influenza-like illnesses in Table 3.
The three groups under study are divided into three categories, depending
on whether they had a rise in antibody by both CF and HI, by HI only, or
by CF only.
Notable is the variation between the 2 out of 20 in the YMC unvac-
cinated and the 16 out of 33 in the Southbury unvaccinated groups who
showed threefold rises by both HI and CF tests. In the YMC unvaccinated
population there is a great preponderance of increases by CF only as
compared with those by HI only: 13 out of 20 as opposed to one out of 20.
There is a similar although less striking pattern in the Southbury group
where 9 out of 33 had only a CF response and 3 out of 33 had only an
HI increase.
Some differences in antibody response also occurred in those patients
who did not report clinical attacks of influenza (Table 4). The differences
were limited to the results of the CF tests in that there were 12 of 47
vaccinated persons who showed only a rise by CF, while only 3 out of
the 47 unvaccinated (30 YMC and 17 Southbury) showed such a response.
On the other hand, the numbers in each of the three groups showing only
an HI rise (8 of the 47 vaccinated and 9 of the 47 unvaccinated) were
similar. Likewise, there were 6 out of 47 vaccinated and 8 out of 47 un-
vaccinated showing a rise by both CF and HI. In brief, there was a total
of 20 out of 47 unvaccinated and 26 out of 47 vaccinated subjects who
showed a threefold or greater antibody response. In these cases, the re-
sponses may have been due to asymptomatic influenza in the unvaccinated
people and to the injection of killed virus, to asymptomatic infection, to
antibody to egg impurity in the vaccine, or to a combination of these pos-
sibilities in the vaccinated population.
An additional test on all YMC sera showing a CF rise but no change
in HI was performed in order to exclude egg antibody as responsible.
Quantitative CF tests showed the vaccine to contain 200 ug. of egg albu-
min per ml. Since a total of 0.2 ml. was injected into each subject, i.e.,
approximately 40 pg. of egg albumin, it was not inconceivable that egg
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antibodies could have developed. It was further found that the viral sus-
pension which was used for the in vitro CF and HI tests contained about
400 pg. of egg albumin per ml. As 0.5 ml. of the virus were used at a 1/80
dilution for each test, 2.5 pg. of egg albumin was available to react in the
CF test with egg antibody which might have been present in the serum
sample. In order to detect anti-egg antibody in these sera, CF tests were
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FIG. 1. Complement-fixation titers on the sera from the 150 subjects.
performed on the above 14 sera from vaccinated persons (2 with influenza-
like illness, 12 without), and on a control group comprised of the 14 YMC
unvaccinated subjects who also showed only a CF rise (Tables 3 and 4).
In a preliminary 'checker-board" assay employing dilutions of egg albumin
and dilutions of a calibrated rabbit antiserum, it was found that about
0.0625 ug. of albumin represented an optimal quantity of antigen for CF.
Using this amount in 0.5 ml., CF tests with all 28 sera were negative.
It therefore is indicated that the positive CF tests with the viral antigen
were due to specific anti-viral antibody.
Tests were performed to investigate the possibility that those people
whose blood showed only a CF rise were responding to an infection with
an A or A' influenza virus rather than the Asian strain. All of the 39
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sera showing only an increased CF titer were tested with PR8 (A) and
FM1 (A') influenza viruses by the HI test. There was one individual
reporting influenza in the YMC unvaccinated group who had a fourfold
rise with the FM1 virus, one individual in the Southbury group also re-
porting influenza who had a twentyfold rise to the same virus, and one
individual without influenza in the YMC vaccinated group who had a four-
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FIG. 2. Hemagglutination-inhibition titers on the sera from the 150 subjects.
fold rise to the PR8 virus. None of the other 36 paired sera had a signifi-
cant rise with either of these viruses. The results indicate that it is likely
that the increased CF titer with Asian antigen was due to Asian influenza
in the great majority of cases rather than to another A or A' influenza
virus.
Graphical representations of the titers obtained with the first and second
serum samples are shown for all three groups by both HI and CF tests
in Figures 1 and 2. The number of subjects demonstrating the various
titers is shown at the left, with the first sera reading downward, and the
second sera upward from the central line. Where an endpoint fell between
two of the established serum dilutions, it was included in the next lower
22
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titer for purposes of graphing. A titer of 15, for example, is included in
the group showing a titer of 10.
The titers of the first sera are well concentrated at the left of the graph,
with only a few showing significant levels of reactivity. Titers of the sec-
ond sera are distributed more widely, signifying an immunological response
due either to the vaccine or to contact with influenza on a clinical or sub-
clinical basis. It is seen that the Southbury group had the highest titers,
perhaps a reflection of the severity of the epidemic in this group. Also to
be noted in Figure 1 is the great number of vaccinated people reacting
with a low CF titer and the almost complete absence of anyone in this
group with high CF titers. However, in both the CF and HI results one
-may see that there is a significant number of people showing no reactivity
with the second serum.
Of the few subjects showing an initial titer by either or by both tests,
there was a total of 12 in the YMC unvaccinated group, 4 in the YMC
vaccinated group, and 11 in the Southbury unvaccinated group. In the
YMC unvaccinated, the 4 HI titers ranged from 10 to 40, and the 10 CF
titers from 10 to 80. In the YMC vaccinated group, all 3 HI titers were
5 and the CF titer was 15. In the Southbury population, the 6 HI titers
ranged from 5 to 10, and the 6 CF titers, from 10 to 30. A problem of
interpretation is raised here due to the fact that some of these findings may
represent the presence of antibody, while some may have been due to the
presence of a nonspecific inhibitor. However, of interest in this regard
is the history taken on the two Yale groups before the first blood was
drawn; no such history was available for the Southbury group. This
shows that of the 12 unvaccinated persons showing an initial titer, 6 re-
ported suspected clinical cases of Asian influenza before the first bleeding.
The 2 who showed an initial titer by both CF and' HI were among this
group of 6. There were 4 who had reported suspected influenza-like ill-
nesses before the first bleeding who did not show initial titers. In the
YMC vaccinated group, 5 reported suspected influenza before the first
bleeding. Of these, only one had an initial titer.
DISCUSSION
Although the number of individuals followed in the present study was
relatively small, the results in terms of clinical attack and serological re-
sponse were sufficiently clear to permit certain general conclusions. The
attack rate in vaccinated individuals was strikingly lower than in un-
vaccinated persons (Table 2). Thus, it may be concluded that "protection"
was afforded by a regimen consisting of two 0.1 ml. intradermal injections
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of monovalent Asian influenza vaccine containing 200 CCA units per ml.
It would seem prudent to avoid expressing this "protection" in numerical
terms since virus isolations were not performed and constant clinical sur-
veillance of all subjects was not possible.
Of equal interest were the divergent patterns of serological response
manifested in all three study populations (Tables 2, 3, 4). The results of
the CF and HI tests on paired sera showed that only 6 vaccinated and a
TABLE 3. ANTIBODY MEASUREMENTS IN PERSONS WITH
INFLUENZA-LIKE ILLNESS
Y.M.C. Y.M.C. Southbury
Vaccinated Unvaccinated Unvaccinated
Antibody rise by both
CF and HI tests
threefold rise 1/3 2/20 16/33
fourfold rise 1/3 1/20 14/33
Antibody rise by HI
test only
threefold rise 0/3 1/20 3/33
fourfold rise 0/3 0/20 3/33
Antibody rise by CF
test only
threefold rise 2/3 13/20 9/33
fourfold rise 0/3 10/20 6/33
total of 26 unvaccinated persons developed antibodies adequate to cause
a significant rise by both test procedures. In contrast, there were 60 per-
sons who showed an increase in titer by one serological test without a
corresponding change in the other test. Of these, there were 39 persons
(14 vaccinated and 25 unvaccinated) who had an increase in titer by the
CF test only, and 21 persons (8 vaccinated and 13 unvaccinated) who
showed an increase solely by the HI test. An interpretation of these re-
sults became of vital importance in the selection of serological criteria for
the diagnosis of Asian influenza. On the basis of classical experience with
the serological characteristics of influenza, it seemed justifiable to diagnose
those 32 persons with a rise in both the CF and HI tests as having Asian
influenza. Similarly, it is probable that the 21 persons with increased HI
titers experienced contact with Asian virus. However, the relatively large
number of persons with only a CF response presented difficulty in inter-
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pretation. This necessitated ancillary investigation along two main lines
in order to clarify the relationship of the complement-fixing antibody to
Asian influenza.
The increase in CF titer in the 14 vaccinated persons could, of course,
have represented antibody formed in response to the egg material in the
vaccine. This seemed unlikely since quantitative complement-fixation tests
with egg albumin were negative with paired sera from these persons.
TABLE 4. ANTIBODY MEASUREMENTS IN PERSONS WITHOUT
INFLUENZA-LIKE ILLNESS
Y.M.C. Y.M.C. Southbury
Vaccinated Unvaccinated Unvaccinated
Antibody rise by both
CF and HI tests
threefold rise 6/47 2/30 6/17
fourfold rise 2/47 1/30 4/17
Antibody rise by HI
test only
threefold rise 8/47 6/30 3/17
fourfold rise 7/47 6/30 2/17
Antibody rise by CF
test only
threefold rise 12/47 1/30 2/17
fourfold rise 3/47 0/30 1/17
Secondly, the increased CF reactivity might well have represented a
cross-reaction of Asian virus with antibody against a related A or A' in-
fluenza virus. Since the serological results represented an increase in anti-
body only during the study period, it would be necessary to assume that
the 14 vaccinated and the 25 unvaccinated persons, or 26 per cent of the
entire study population, had non-Asian influenza during a presumed Asian
epidemic. In order to investigate this possibility, paired sera from these
39 individuals were titrated for HI antibody using the PR8 (A) and
the FM1 (A') strains of virus as antigens. Only three paired sera showed
a rise in titer. Thus, one is left with the general conclusion that the results
with CF tests were essential in estimating the extent of the current epi-
demic. In fact, the CF results were of greater relative value than were
the HI tests. This was apparent from the fact that more individuals de-
veloped a significant increase in CF antibody than in HI antibody, both
25YALE JOURNAL OF BIOLOGY AND MEDICINE
in the vaccinated group and in those presumed to have had the disease.
The magnitude of the rise of CF antibody appeared to have a direct rela-
tionship to the severity of the clinical illness. This conclusion is based
on the Southbury population in which the highest CF titers occurred in
those persons showing higher temperatures and more severe symptoms.
In contrast there was no such relationship between temperature and the
HI response.
The application of these serological criteria to those unvaccinated per-
sons without clinical symptoms provided definite information on the sub-
clinical or asymptomatic attack rates. It was of particular interest that the
incidence in the YMC group, 9 out of 50, was essentially the same as that
TABLE 5. THE PERCENTAGE OF CASES OF ASIAN INFLUENZA WITH
ELEVATION OF TITER BY CF AND/OR HI TESTS
Total CF* Total HI** Both CF and CF HI
increased increased HI increased only only
Jensen and Hogan' 76.4 61.8 38.2 38.2 23.6
Yale Study 80.0 61.5 41.5 38.5 20.0
* Either alone or with HI.
** Either alone or with CF.
in the Southbury group, 11 out of 50. This is in contrast to the serolog-
ically confirmed clinical attack rate which differed in the same two groups,
i.e., 16 out of 50, and 28 out of 50, respectively. Thus, about 20 per cent
of all unvaccinated persons presumably had asymptomatic Asian influenza
while an additional 44 per cent had clinical attacks.
The combined subclinical and verified clinical cases gave an attack rate
of 50 per cent for the Yale unvaccinated group and 78 per cent for the
Southbury patients. The greater "virulence" of the infection in the insti-
tutionalized group also was reflected by the fact that 91 per cent of the
cases occurred within a three-day period. In contrast, the onset of clinical
symptoms in Yale personnel occurred more or less evenly over a two-
week period.
The serological findings in the vaccinated individuals must be inter-
preted independently of the above considerations. While it is true that
the increased titers in the 26 persons without symptoms could have rep-
resented asymptomatic infection, it is more likely that these responses were
a direct consequence of vaccination with viral antigen. The possible oc-
currence of subsequent subclinical infections was not determined since
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blood samples were not drawn unless clinical symptoms were reported.
It is of interest that the results in the 65 persons serologically diagnosed
as Asian influenza in the present study are remarkably similar to the find-
ings of Jensen and Hogan' on 123 cases of Asian influenza diagnosed by
virus isolation (Table 5).
SUMMARY
Three groups of 50 persons each were followed during the main dura-
tion of the Asian influenza pandemic of 1957. One of these groups was
vaccinated against Asian strain influenza and two were not; the vaccinated
group and one of the unvaccinated groups were comparable as to residence,
contacts, age, etc. Paired sera from each participant were analyzed by
both the complement-fixation and hemagglutination-inhibition techniques,
but no attempt was made to isolate influenza virus.
The serologically confirmed clinical attack rates for the groups were:
one out of 50 for the vaccinated group, 16 out of 50 for the comparable
unvaccinated group, and 28 out of 50 for the other unvaccinated group.
Significant antibody rises occurred in 27 out of the 50 in the vaccinated
group, presumably due to the effect of the vaccine. In the comparable
unvaccinated group, presumed subclinical infections occurred in 9 persons,
and in 11 individuals in the third group. The combined subclinical and
verified clinical cases gave an attack rate of 50 per cent for one unvac-
cinated group and 78 per cent for the other. On the other hand, no anti-
body rise occurred in only 11 of the total of 56 reported clinical cases.
Differences were observed in the results of the CF and HI tests. Some
individuals showed increased titers in both serological tests, a few had a
rise by HI only, and many showed a response by CF only. Ancillary tests
with the latter sera excluded as responsible factors either an egg con-
taminant in the vaccine or a cross reaction with another A or A' influenza
virus. The serological results indicated that neither the HI nor CF test
alone was sufficient for serological diagnosis of Asian influenza, and that
diagnosis was more often made when both of the tests were used together.
ADDENDUM
A more recent finding which occurred after the conclusion of the
formal study is worthy of mention. During the last two weeks of January
and the early weeks of February 1958, another influenza-like epidemic
struck the Yale Medical Center community, with the second-year medical
class principally involved. Many of these students were subjects in the
original study. The symptoms were typical of influenza, with some tem-
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peratures as high as 104.50 F. The highest incidence appeared to occur
in the vaccinated group. From some of these patients, throat washings
were obtained during the acute stage of the illness, and, as hemagglutinat-
ing agent, presumably Asian influenza virus has been isolated from several.
In a verbal check of 147 of the original 150 subjects, 37 reported influ-
enza-like illnesses in this second epidemic. Fourteen were from the original
YMC unvaccinated group, and 5 of these had had serological evidence of
influenza (clinical or subclinical) during the first epidemic. Of the five,
two reported clinical influenza symptoms during both epidemics. In the
original YMC vaccinated group, 25 reported influenza-like illnesses during
the "second wave," and of these 25, 13 had shown a serological response
during the original study. Of the 37 newly reported cases, 4 in the YMC
unvaccinated group and 22 in the YMC vaccinated group were members
of the second-year medical class. No influenza-like illnesses have been
reported since the autumn of 1957 among the 50 Southbury unvaccinated
subjects.
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